Silicon photo-multipliers, often called "SiPM", are semiconductor photon detectors built from a square matrix of avalanche photo-diodes on common silicon substrate. SiPM have been proposed for several different applications in High Energy Physics, in particular where a large detection granularity and a high photon detection efficiency is needed.
Introduction
We are studying the possibility of using SiPM 1 as light detectors for the extruded scintillators of the Instrumented Flux Return of the experiment running on the super flavor factory proposed at "Laboratori Nazionali di Frascati".
3 Four meter long scintillator bars, equipped with wavelength shifting fibers are foreseen that have to provide 1 ns time resolution in order to measure the track position along the bar. One of the main issues in using SiPMs is the high neutron flux expected in the IFR region. From very preliminary calculations one can expect 10 4 ÷ 10 5 n/s cm 2 .
The Frascati Neutron Generator
The Frascati Neutron Generator 2 (FNG) uses a deuteron beam accelerated up to 300 keV impinging on a deuteron target to produce a nearly isotropic 2.5 MeV neutron output via the D(d,n)
3 He fusion reaction. The beam current at the target can be regulated up to 1 mA resulting in a maximum neutron production rate of 5×10 8 neutrons on the whole solid angle per second. During our tests, the neutron flux was monitored online by acquiring the rate of a calibrated liquid scintillator (NE213) provided by the FNG-staff. The NE213 was used with pulse shape discrimination to reject gamma-ray events.
Measurement set-up
Six devices (five 1×1 mm 2 and one 2×2 mm 2 ) produced by the IRST 4 (SiPM in the following) and four produced by the Hamamatsu 5 (MPPC in the following) have been tested with neutrons. Depending on the distance from the production point, in four days of test they integrated the total 1-MeV-equivalent doses shown in Tab.1. 
Online Measurements
The drawn currents and the dark rates of the SiPMs supplied with a voltage of 33 V (within the working region) were recorded during the neutron irradi-ation. Figure 1a shows that the current drawn by the SiPM increases up to a factor 30 for the most irradiated device (7.32×10 10 n eq /cm 2 ). The effects of the different neutron fluences are not visible at the level we operated. No significant recovery effects appeared after a whole night without neutron irradiation: the absolute value of the current and the increase rate, once the flux was back on, didn't change. A zoom for low doses, Fig. 1b , shows that the currents are quite stable for doses of the order of 10 8 n eq /cm 2 and then, after a jump of a factor 2 or 4, they start to increase. By means of a custom board, the dark counting rate of each device was continuously monitored. The increase factor of the SiPM dark counts, Fig. 2a , reaches the value of 300 for the most irradiated device. The behavior of the dark count rates of the SiPM exposed to a lower irradiation seem to show a slower increase (Fig. 2b) . The neutron beam has been paused several times in order to per- the integrated dose as it is shown in Fig. 3 .
Off-line Measurements
The SiPM and the MPPC have been tested with cosmic rays before and after the neutron irradiation and the charge spectra obtained are shown in and the noise pedestals are much broader. Both these effects lead to an important reduction of the detection efficiency from more than 95% to about 70%. A non evident dependence of the performance deterioration on the integrated dose was found. 
Conclusion
Several Silicon Photo-Multipliers have been exposed to an intense neutron flux integrating up to a total dose of 7.32×10
10 n eq /cm 2 . Their performance were studied before, during and after the irradiation. The drawn currents has been found to increase up to a factor 30 while the dark counts up to 300. The detection efficiency measured with cosmic rays, higher than 95% before the irradiation, was evaluated to be around 75% after. From the measurements shown we conclude that Silicon Photo-Multipliers performance would start deteriorating after few hours of running on a super flavor factory.
